Abstract This paper reports the use of quantitative and qualitative measures of university student learning during teaching in psychiatry. Concept mapping, pre-and post test scores and performance in written assignments were used to measure the quality of change in personal understanding and to show the ways that the knowledge-targets of the course were achieved. The data show that: (1) Concept mapping can be used to explore personal understanding because it facilitates discrete statements of meaning. (2) These personal statements can be compared through time to assess change. (3) Specific criteria can be used to measure the quality of the change from one statement to another so that the different qualities of change that occur can be made-visible in the course of teaching. The approach is discussed in the broader context of learning theory and teaching practice. We show in particular, that prior-knowledge is an important determinant of learning because it affects the sense that can be made of taught material.
Introduction
There is now a broad literature that focuses on learning and teaching in higher education (see for example, books by Biggs 2003; Nicholls 2002; Ramsden 2002; Prosser and Trigwell 1999) . Compared with other educational sectors, however, there is remarkably little research that documents change in students' personal understanding of specific concepts in particular disciplines (Laurillard 2002) . This is probably because the process of change is deemed intractable and because so few frameworks have been developed from which criteria for the measurement of change are derived. The separate approaches of Jarvis (1992) and Novak (1998) , however, are notable exceptions. Recently, Hay (2007) has shown that these models can be combined to provide criteria for the measurement of learning quality. Moreover Novak's concept mapping method (Novak 1998 ) is a means by which change in personal knowledge can be made visible during learning (see Hay, Kinchin et al. in press) . This is explained here in a single discipline of higher education (psychiatry). The principles are general, however, and one of the purposes of the work described here is to show how concrete measures of student learning can be obtained in the course of teaching for any cognate discipline. This is because the approach (of this paper) is grounded in definitions of learning as change rather than convergence on any given target understanding (e.g. Jarvis 1992 ) and specific criteria for the measurement of the quality of change have been developed by Hay (2007 after Novak 1998 ). These issues are explained below.
Jarvis' approach is located in a wider scene of adult and continuing education. It is preceded by the work of Kolb (e.g. Kolb and Fry 1975) , but although it shares a focus on learning through experience it is also sufficiently different to claim an independent antecedence. Briefly, Jarvis' definition of learning states that there are only two possible outcomes of experience. The person (learner) is either changed (learning) or they are not (non-learning) . This is a succinct and useful definition because it suggests how learning should be measured (as personal change). The ontology of this definition is clear; learning is personal change. The definition is therefore applicable in any discipline.
Novak's approach is a little more complex and focuses not on the ends-state of learning, but on the process by which learning is acquired. Novak's work is grounded in Ausubel's theory of assimilative learning (Ausubel 1963 (Ausubel , 1968 Ausubel et al. 1978 ; see also Ausuble 2000) and suggests that all change in knowledge and understanding can be located somewhere between the two extremes of rote and meaningful learning. According to Novak (1998) these two ends of a single learning continuum are defined by the degree of integration of newly learnt material with prior-knowledge. Thus measurement of change (to qualify new knowledge integration) is an empirical basis for the study of learning quality (Hay 2007) . The approach has an important corollary in the literature on deep versus surface student learning (Säljö 1975; Säljö 1976, 1984) but where the literature on approaches to learning is grounded in the phenomenographic method (Marton 1981 (Marton , 1986 or psychometry (e.g. Biggs 1993 Biggs , 2003 Entwistle et al. 2001 , Entwistle et al. 1991 ), Novak's model is a basis for measurement of change in knowledge in particular disciplines .
Using concept mapping to measure change
Concept mapping is one of a broad family of graphic organising tools that includes mindmapping (Buzan and Buzan 2000) and spider diagramming (Mintzes et al. 1997 ). Yet Novak's method (Novak 1998) has some very specific rules that set it apart from other techniques and facilitates the measurement of learning quality. A concept map is a declarative model of personal understanding comprising concept labels to identify specific ideas and explanatory links that give these ideas meaning. Thus, concept maps comprise any number of propositional statements, each of them made up of paired and linked concepts. Each proposition is a statement of understanding and the validity of each assertion is laid bare. This is a powerful teaching tool since it facilitates the sharing of personal and target understandings (sensu: Entwistle and Smith 2002) among teachers and students . Where the same person maps the same topic repeatedly then a comparison of two or more such 'snap-shots' facilitates measurement of the quality of change (Novak and Mussonda 1991; Hay 2007) . Those parts of the knowledge structure that are new can be differentiated from those that are old and the degree of integration (of new ideas and extant parts of the prior-knowledge structure) can be measured.
Novak's theoretical work on rote and meaningful learning is also a significant framework for the measurement of learning and teaching quality. The literature on student learning 'styles' and 'approaches' is well developed but this is not the same. Work on deep versus surface student learning styles (Säljö 1975; Säljö 1976, 1984) and on approaches to learning more generally (Biggs 1993; Entwistle et al. 2001; Entwistle et al. 1991; Entwistle and Tait 1994; Kember 1996 Kember , 2000 are useful since they inform a wider understanding of issues in university learning and teaching, but they remain 'proxies' for learning quality. They measure approaches to learning or study strategies (and sometime motivations) (Entwistle and McCune 2004) , but they do not show how student's understanding is changed as a consequence of learning). Novak's approach is different because it is based on taking successive measures of personal understanding of particular concepts as they are changed in the course of learning and teaching (Hay 2007) .
The work we present here has four aims: (1) to develop and explain an approach to the measurement of learning quality that is grounded in the work of Novak (1998) and Jarvis (1992) ; (2) to report the use of the method in a particular discipline (psychiatry); (3) to explain the ways that concept mapping can be used to document knowledge-change in the normal course of teaching for any discipline, and; (4) to explore some of the weaknesses of the method as well as priorities for future research.
Methods
This study was done during a short-course in mental health taught at the Institute of Psychiatry, King's College London. The teaching was done in twelve 6 h sessions over a period of 3 months. It comprised lectures, seminars and group activities in the classroom. Reading, independent study and project work in groups was also required in the students' own time. The summative assessment was a 3,000 word essay due five weeks from the end of the taught course.
Eighteen students took part and all of them finished the course. All of them were health care professionals with at least 2 years of clinical practice behind them. Three 'A' level passes at grade C or above was also a course prerequisite.
The course was entitled 'Dual Diagnosis' and it dealt with concomitant issues of mental illness and substance abuse. Figure 1 is a simple summary of the course content. The cognitive topics for the course were as follows: substance abuse, mental health, personality disorder, treatment, social exclusion and the prevention of relapse. Practice and skills learning included: interview techniques, Bethient assessment, cognitive behavioural therapy, medical intervention, stress and vulnerability models and the wider aspects of healthcare. Most of the teaching sessions combined theory and the development of practical skill through case study analysis and role-play.
For the purposes of the research, the first session began with an introduction to the concept mapping method. The students were taught the method as it was described by Novak (1998) (none of them had encountered the method before). They were then given half an hour to make a map describing their own understanding of dual diagnosis prior to the course. These maps were then collected and retained by the tutor. After this, the students' prior knowledge was further measured in a pre-course test. This comprised 15 short answer questions on the key-themes of the teaching that was to follow. Each question was worth a single mark and the students were informed of their score in the subsequent teaching session. The concept mapping activity and the short-answer test were repeated on the last day of teaching. Pre-and post-course test scores were compared and the changes in concept maps were assessed to document learning.
The concept maps that were produced individually before and after the course were analysed in two ways. First, the approach of Kinchin et al. (2000) , was used to typify the gross morphology of each of the students' knowledge structures. This is summarised in Fig. 2 . Briefly, the ways in which the concepts and links were arranged were classified as spoke, chain and network structures. The approach is now widely used in the literature and there are a number of papers that attest to its validity (e.g. Hay and Kinchin 2006) . In particular, it offers a succinct measure of a student's propensity for learning (Hay and Kinchin 2006) and it avoids many of the pitfalls of quantitative concept map analysis (Kinchin et al. 2000) .
The second approach was used to measure the quality of change in the course of learning. The method is summarised in Fig. 3 and was derived from work done previously by Hay (2007) . Specific criteria were developed a priori from the literature on non-learning (Jarvis 1992 (Jarvis , 1998 (Jarvis , 2006 Jarvis et al. 1998 ) and deep versus surface (Säljö 1975; Säljö 1976, 1984) , strategic learning (Entwistle et al. 1991; Entwistle and Tait 1994) or rote-learning versus meaning-making (Novak 1998; Novak and Gowin 1984; Novak and Mussonda 1991; Novak and Symington 1982) . The criteria were as follows:
1. Non-learning: was defined by an absence of cognitive change. Non-learning was therefore measured by the lack of new concepts in the second map and by an absence of new links in the extant prior knowledge structure. 2. Rote learning: was defined in two ways. First by the addition of new knowledge.
Second by absence of links between the newly acquired concepts and those parts of the prior knowledge repeated in the second map. 3. Meaningful learning: was defined by a non-trivial change in the knowledge structure.
Thus evidence of deep learning comprised the emergence of new links in parts of the prior knowledge structure developed in the course of learning and/or the meaningful linkage of new concepts to parts of the pre-existing understanding.
In the presentation of the results, all student identities are disguised by the use of pseudonyms. We show both qualitative and quantitative data for all 18 participants and a detailed case-by-case account for six of the students. The case studies are not used to extract generalities but to illustrate the ways in which the individuals learnt (or otherwise). Nevertheless, the cases that we have chosen are inclusive of all the types of learning change that we observed. 
Results

Empirical measures of learning
Eighteen students took part in this study. Although no one dropped out during the teaching, two (Betty and Beth) failed to complete the assignment. Table 1 shows a summary of all the students' scores in the pre-and post-course tests and their respective essay grades. Most students gained a higher score in the post-course test than they had done in the pre-test, but the average gain score was less than one mark (in 15). The differences in pre-and post-tests were not significant. Class ranks were also largely unchanged. Mary, Steve and Tom were the only students to move by more than a single place. Mary improved more than any other student moving from 15th in the pre-test rankings to 6th in the post-tests. Her test scores were 8/15 (pre-course) and 12/15 (post-course); her final essay grade was 62%. Steve also moved upwards; from 5th to 3rd in the pre-and post-tests respectively. Steve achieved an essay mark of 57% and he scored 11/15 before the course and 14/15 at the end. Tom scored nine in both tests but fell from 11th to 14th in the class-rankings. His essay was a fail grade. Concept map analysis showed that structural changes in students' knowledge were rare (Fig. 4) . Of the eighteen students participating, in the study, only two drew concept maps of a different structural type before and after the course. One of these comprised change from a chain (prior to the course) to a network (afterwards). The other was a chain before the course but was unclassified afterwards because the concepts were not linked. All 18 participants completed the same pre-and post-test before and after the course. The average gain score was less than one mark in 15 and the difference in pre-and post-course test scores was not significant (students 't' test). The essay grades that comprised the summative assessment were synonymous with either pre-or post-course test results (Chi-squared analysis)
Overall, there were only two students that satisfied the criteria for meaningful learning (Amy and Tammy). Change in Amy's maps is reported in the case studies below. Tammy's knowledge change suggested a mix of rote and meaningful learning. She had learnt some parts of the course deeply and integrated new concepts with the prior knowledge, but other ideas had been added superficially and comprised chains unlinked to the rest of the structure. Nevertheless, Tammy came top of the class rankings before and after the course (scoring 15/15 on both occasions) and her essay grade (76%) was the highest in the class. There were seven cases where rote and non-learning outcomes were also combined. Rote learning occurred five times. Non-learning was the sole outcome on four occasions (in these cases the students simply replicated their prior knowledge maps in the second map-making exercise).
There were no obvious correlations between the quantitative and qualitative measures of student achievement. Rose for example, was one of only two students to produce an endof-course concept map that was radically different from her first. She was in the lowest inter-quartile for achievement in her pre-and post-tests scores and her essay did not achieve the pass-mark. Tammy came top of the class in all quantitative measures but showed a combination of deep and surface learning outcomes. Amy made more meaningful sense out of what she was taught than any other student but her place in the posttests ranking was not changed as a result and her essay grade was not different from a position in the class predicted by her pre-test result. Mary's pre-and post-test scores showed more improvement than any other student, but the qualitative measures of her learning were indicative of superficial change. All of these outcomes are illustrated by the case studies below. Knowledge structures before and after the course were largely homologous. Using the criteria of Kinchin et al. (2000) , only two students were shown to depict their knowledge and understanding differently before and after the course. Among the structures that were identical before and after learning, three were spokes, three were chains and six were networks. Three maps before the teaching and four afterwards could not be classified because they were not linked or their links lacked linking statements High Educ (2008) 56:221-239 227 Case study analysis
Case one: Amy
Amy scored 14/15 in both pre-and post-course tests. Her final essay mark was 66%. Many of the concepts that Amy used in her map of the topic were common before and after the course and the overarching structure of her knowledge was the same (Fig. 5 ). Her first map was a network of nine concepts and the second, a network of ten. Moreover, these ten concepts were arranged on the page in positions that corresponded almost exactly to those used in the first map even where the concept labels themselves were changed. There was however, a considerable increase in linkage of her second map. There were 10 links in the first map and 20 in the second. Apart from the top concept of dual diagnosis (which was the given starting point for the map), there were only three others that were carried forward verbatim from the first to the second map. These were substance misuse, relapse and crime. Four more concepts however, persisted despite alternative use of terminology. Thus for example, the concept of mental health was replaced by mental illness in the second map, but the two terms were apparently used synonymously. Similarly, the concept of professional agencies persisted in the guise of psychiatric services, social life as social problems and activities and work were replaced by the concept of career in the second. These substitutions were largely advantageous and helped the second map to be both more explanatory and succinct. Only one concept (the concept of family and friends) was included in the first map but neglected in the second. The second map comprised just two concepts that were entirely new (drug services and the concept of the client).
A comparison of Amy's maps before and after the course shows evidence of meaningful learning. Overall, the second map was considerably superior to the first. Not only was it better linked it was also more parsimonious. New concepts were deeply integrated and the reorganisation of ideas was evidence of new and personal meaning. The definition of the top concept for the course (the concept of dual diagnosis) was considerably improved in the second map. The second map showed considerable evidence of individual meaning making in the course of learning. Where the concept of activities and work was included in the first map, this was done only as a single link from the concept of dual diagnosis ('' Fig. 5 Amy's concept maps before (a) and after (b) the course dual diagnosis decreases activities and work''). The link was tentative and may be deemed to imply undue causality. In the second map, however, the concept of [the] career was given much greater prominence. It had become an 'organising principle' and provided an anchor for the development of newly acquired meaning. In the second map, the impact of mental illness and substance misuse were described in terms of negative impacts on the career of the client and the role that a career might have for both the support of the individual (client) and the mitigation of social problems was explained. These are all themes that were introduced and discussed in the teaching of the module, but the ways that Amy chose to describe them in her second map was unique. It shows that she has compared the knowledge she brought to the subject and the material that she was taught to develop a new and personal understanding. Her learning was personal and the change from her first to second map was indicative of meaningful learning.
Case two: Mary
Mary's pre-and post-course test scores (8/15 and 12/15, respectively) improved more than any other student. Mary obtained a mark of 62% for her essay. Like Amy, however, there was a negligible change in the gross structure of her concept maps before and after learning (Fig. 6) . Both of Mary's maps were networks and they comprised 9 concepts (with 14 links) and 13 concepts (with 20 links) respectively. Like Amy, Mary's second map also included many concepts that were present in the prior knowledge structure (e.g. mental illness, the client or Bethient, medication, the multidisciplinary team. Some concepts were also retained but identified using different labels. The concept of treatment was replaced by the broader term intervention in the second map), and the idea of drugs was expanded to identify drugs and alcohol. Nevertheless, Mary added more new concepts than Amy in her second map. The concepts of social problems, poverty, criminal activities, relapse and blood-borne viruses were all new in the second map. Conversely, the concept of the GP (general practitioner) appeared in Mary's prior knowledge structure, but was neglected after the module. The changes in Mary's map provide evidence of learning but most of the changes are superficial and indicative of rote learning. This is because they constitute the simple addition of new concepts, linked one to another or to surface parts of extant prior knowledge. They are not deeply integrated with what was known before. There is little structural reorganisation (the same concepts tend to appear in the second map in the same places that they did in the first) and there is little new development of linkage among persistent concepts. The prior knowledge structure has not been changed meaningfully and addition has been made without evaluation. The new concepts of poverty, social problems, criminal activities, relapse and blood borne viruses, for example, share between them, only three links to concepts that were present in the prior knowledge.
Mary's second map also comprises structural inconsistencies that are a barrier to the succinct explanation of meaning. Thus, for example, the terms substances and drugs are both used in the second map. This is probably an infringement of the rules for concept mapping (Novak 1998 , requires that a concept is used only once in a map) and it decreases its parsimony. The problem is compounded by the use of the term medication as well. Mary's second map is in need of structural reorganisation to resolve these issues and this is further evidence of surface learning.
Case three: Harry
Harry achieved a bare-pass mark for his essay (43%) and scored 8/15 in both his pre-and post-course tests. Figure 7 shows the changes in his knowledge and understanding before and after the module. His first map was a simple spoke structure in which four concepts (the concepts of dual diagnosis, substance misuse, mental illness and the patient or client), were arranged around the concept of the nurse or doctor. Fig. 7 Harry's maps before (a) and after (b) the course definition of the concept of dual diagnosis, however, because substance misuse and mental illness were described as simultaneous patient or client problems.
Structurally, the second map was almost identical to the first. This was despite the fact that the concept of the nurse or doctor, central to the first map, was absent in the second and the concept of the client now took this central and organising role. Three new concepts were added (social problems, criminal activities and relapse), but these were added peripherally and were not linked to the top concept (of dual diagnosis), nor to the new concept central (the client). These changes are indicative of a mix of non-learning outcomes and rote learning.
Case four: Bella
Bella was bottom of the student rankings in the pre-course tests (she scored only five marks of the 15 marks available). In the post-course tests she scored only one mark more (6/15) improving her position by just one place. Her essay was a fail grade. Before the course, her map was made of two chains (without linking statements), and afterwards these were longer (and linked), but not substantively different (Fig. 8) .
The chains that Bella drew were initiated by the distinction between concomitant diagnosis of mental illness and substance misuse. This was appropriate for the definition of dual diagnosis that was developed by the course (Fig. 1) were no cross-links between the two chains, and in the second, there were only four (among a total of 24 concepts). Each chain in each of the maps was indicative of a temporal sequence of events rather than an exposition of the meaning of the subject. Furthermore, many of the successive links in the concept chains implied undue causality. Thus for example, social isolation was shown to lead to poor health and unemployment to an increased risk of sexually transmitted disease. The second map shows an important cross-link (newly acquired), between the concepts of mental illness and substance misuse, but this was not substantiated by linkage in other parts of the structure. Other cross-links in the second map were superficial because they were an obvious consequence of poor structural organisation (i.e. related concepts were unduly separated) or because the links were untenable (e.g. a risk of suicide leads to prison). Bella's concept maps before and after the module cannot be compared empirically (because the first map lacked links). Nevertheless, the second map is so trivial in its explanation of the topic that the change must be considered indicative of rote learning at best. More likely, it is non-learning.
Case five: Rose
Rose scored eight and nine in her pre-and post-course tests. Like Bella, she failed the course. She was also one of only two participants to show a significant change in knowledge structure. Figure 9 shows how the simple (and broken) chain that Rose drew for her first map was replaced by a complex network in the second. Fig. 9 Rose's maps before (a) and after (b) the course Rose's first map comprised 6 concepts and four links. It was an appropriate definition of the top concept (of dual diagnosis) but otherwise it was indicative of little prior knowledge of the subject. Her second map had 15 concepts and 19 links. At first glance these changes suggest considerable development of personal knowledge and understanding. Closer scrutiny, however, suggests that much of what Rose had newly acquired was poorly understood, and even her basic grasp of the subject had been lost by the end. Most importantly, before the module, Rose understood that a dual diagnosis comprised both mental health issues and substance abuse. By the end however, Rose was unable to define the concept in any succinct and appropriate way. Although she still apparently knew that both these issues were important, how this was so was confused and erroneously described. Thus for example, Rose's second map stated that the acquisition of a blood-borne virus was a key determinant of a dual diagnosis and that a dual diagnosis led directly (and causally) to criminal activity or other social problems. Moreover, the concepts of substance misuse and mental illness were related to the dual diagnosis concept only indirectly. The only route from the concept of a dual diagnosis to mental illness, for example, was through medication that was mediated via causal statements about criminal activity, other social problems and the treatment of physical condition. None of these were explanatory of the subject, nor were any of them sufficiently academic to merit inclusion.
B A
Rose started with a superficial prior knowledge. By the end of the module her knowledge of terms had been increased but she had clearly failed to understand what she had acquired. She had added numerous misconceptions of the subject and was more confused than she had been before the course began.
Case six: Betty
Betty did not submit an essay for assessment. Her pre-and post-course test scores were 6/ 15 and 5/15 placing her at the bottom of the post-course test rankings. Her first map comprised only three linked concepts, one of which was the top concept of dual diagnosis. There was only one proposition in her first map. This asserted that substance misuse and psychosis (listed together as a single idea), cause dependence and addiction. Betty also listed the following terms in her first map: disorder, detoxification, health education, therapy, Schizophrenia, epilepsy, disease, drug abuse and alcohol dependency. None of these were linked, however. Her second map was not linked at all. Instead it comprised a list of eleven different concepts. Eight of these had been present in the first map and three were new (criminal activity, relapse and a multidisciplinary team). The concept of dependency and addiction had been dropped. The change in Betty's maps was therefore classified as non-learning. The second map explained less than the first and the concept list was not substantively changed.
A summary of structural change Figure 10 is a summary of the structural changes documented in this study. Among the 18 students of this course there were only two who used different knowledge structures to describe their understanding before and after the course. All the others produced pairs of maps with remarkable structural homology, even where the content and its internal organisation were different (see Case One and Two, for example). The significant change in Rose's map (Fig. 10e) was not indicative of meaningful learning. Rose was clearly more confused at the end of the course than she had been at the start, and she failed the assignment.
Discussion
Research of student learning
The data presented here suggest that Novak's description of rote and meaningful learning (Novak 1998 ) and Jarvis' model of learning versus non-learning outcomes (Jarvis 1992) provide robust frameworks for the assessment of learning quality. Moreover, that Novak's concept mapping method makes it possible for lecturer's to obtain sequential 'snap-shots' of their student's personal understandings so that issues of learning quality can be exposed and discussed. This paper also shows how the use of simple labels of learning quality (non-learning (sensu Jarvis 1992) rote and meaningful learning (sensu: Novak 1998)) can be extracted from measures of change through concept mapping These labels are developed out of complex theories of learning (Jarvis; Novak; Ausubel ibid); all of which emphasise issues of personal difference, but there is still a risk that 'labels' mask the underlying richness of learning as a continuum (Novak 1998; Kember 2000) . It is important, however, that our approach shows how measures of learning quality can be attached to declarative statements of personal understanding (rather than personal 'styles' or 'approaches'). The case-commentary that is a large part of the results in this paper is derived from the actual discussions that took place between the teacher and the students who were party to the study. It exemplifies the complexity of discussion of learning quality that is made possible where real measures of personal understanding are successively declared. 'Labels' and 'definitions' (of learning) were important (in these discussions) as they focused attention on particular values, but the real significance of the approach is better represented by the view that concept mapping makes learning visible (Hay, Kinchin et al. in press) . Entwistle and Smith (2002) argue that personal and target understandings are simultaneously important in student learning. But university teaching and assessment strategies while generally good at measuring student achievement (against the 'targets' of formal assessment), are less good at showing how personal knowledge and target performance are related . As a consequence there is general concern that some 'targets' are achieved through rote learning (Kinchin et al. in press) . One of the problems has always been that university teachers have not known how to acknowledge personal meaning-making; either in theory or in practice. Constructivism has led to widely used theories of learning that are personal, but if the theory is to be applicable in teaching then it must also find methods of practice that can be reconciled with the stated targets of teachers and the curriculum (Entwistle and Smith ibid) . The data presented here show that lecturers can measure personal knowledge-change and that they need-not radically alter their teaching strategies to do so. Concept mapping is a practical method in the constructivist tradition; it can be used by teachers to visualise the ways that their students make sense of the knowledge targets of teaching but it also helps students incorporate new information towards personal understanding.
As we have shown, concept mapping can be used to document personal understanding and doing so may show how troublesome ideas (Perkins 2006) come into view or comprise thresholds of new understanding Land 2003, 2005) . Concept mapping can be taught in about 20 min and satisfactory maps can usually be made in half-an-hour. This means that the method is realistic during normal university teaching. Some of the weaknesses and limitations of the approach are discussed below, but the results reported here show how one teacher (of psychiatry) was able to use the method to integrate research of their students' learning as part of their normal teaching practice. Our work draws particular attention to the role of prior-knowledge. Each case of meaningful learning was prefaced by a rich understand of the topic before teaching and rote or non-learning occurred where prior-knowledge was poor. This is an important issue for higher education, but one that is often neglected by theories of learning 'style or 'approach'. Meaningful (or deep) and rote (or surface) learning approaches may be consequences of 'proximity' (or the lack of it) between prior-knowledge and the targets of teaching. Students who lack prerequisite knowledge may be compelled to adopt rote learning and learning approaches more generally may be proxy for understanding that is made possible (or denied) at a more fundamental level of cognitive integration.
Towards an authentic pedagogy of higher education Concept mapping provides an epistemological framework for teaching that is grounded in theory (Ausubel; Novak; ibid) . It is also a method of research that facilitates the empirical measurement of learning (this paper). As a result, it spans the common gap between theory and practice and is a basis for authentic pedagogy. In particular, it has the potential to engage students and teachers in a discourse of scholarship. At any point in time it can be used to share an understanding of a topic and to explore misconceptions (e.g. Novak and Gowin 1984; Novak 1998, Kinchin and Alias 2005; Fisher 2000) . If it is used as we have used it here then it combines processes of teaching with research of learning. For a sector that purports to foster both the process of knowledge transfer and its creation, this is important.
Other important issues might also be better understood through long term concept mapping studies. The timing and nature of assessment, for example, is a much debated topic (see reviews by Rowntree 1987; Brown and Knight 1994) and the case of Rose (this study) provides a focus for many of these concerns. Rose failed the course and analysis of her final concept map explains why. She started from a poor prior knowledge structure but was clearly even more confused at the end of the course than she had been at the beginning. However, she was also the only student to radically alter her knowledge structure during her learning. She was tested in the middle of this process of change but this appears to have been done at a time when her knowledge had not yet 'broken through' into new understanding. If she had been supported more, and tested later, then it is quite possible that she would have been able to restructure her learning sufficiently to pass the module. Her concept maps suggest that she was trying to learn in meaningful ways but that she had not had time for this in the duration of the course (see Scheja 2006 , for a discussion of delayed understanding). Others students (like Tammy) finished the course knowing little more than they did to begin with, but they still did well. Probably Tammy could have written her essay on the day she started and she still would have passed. In the context of widening participation it is clear that a university education now needs to provide more opportunities for all and not just for those who will do well anyway. Concept mapping has an important role to play because it is a means of identifying students at risk of failure (as a consequence of their prior knowledge structures) and it can be used to show the ways that they go about linking new knowledge to old in their learning.
Weaknesses and limitations of the method
Thus far we have argued that concept mapping has a unique role to play in higher education. It is also important, however, that we describe some limitations and possible criticisms of the method. Concept mapping is useful compared with other graphic methods of knowledge declaration (like mind mapping) because it requires explicit statements of meaning. It makes visible the structure of knowledge as well as its content and it measures knowledge and understanding separately (since ideas are expressed through concept labels and meanings are defined by the linkage between concepts). In this regard, however, concept mapping may encourage explanations of meaning that are trivial compared with the rich expositions of personal understanding obtained through interviews or essay writing (Entwistle pers. com.) . This is a valid point and one that should be addressed by studies using interviews, written narrative accounts and concept mapping together. We have begun to do this in our own research, but at this early stage, we can only suggest our findings are mixed. It is already clear, however, that some students with poor essay writing skills are sometimes better able to explain their understanding using concept mapping but the interpretation of this finding is complicated by several issues. (1) Comparison with interviews is difficult because interview transcripts can include contradictions that are largely prohibited in concept mapping. (2) Interviews rely on prompts form the researcher (where concept mapping does not). (3) Compared with essay writing, concept mapping emphasises personal constructions of meaning where narratives can be constructed in the absence of understanding. These are issue that are likely to be rich avenues of research in the future.
It is also possible that concept mapping produces artefacts that arise from familiarity with the method (rather than being genuine indicators of learning). In this case students second maps might be richer, not because they have learnt, but merely because they have mastered concept mapping. This is an important contention but it is not substantiated by our own research. To address this issue empirically, Hay (reported in Hay and Kinchin 2007) , obtained concept maps from 277 students at the end of a 10 week course in statistics. Half of this student group had been taught concept mapping to begin with (and had made maps of their prior-knowledge), and half had not. At the end there were no quantitative differences (using measures of concept or linkage richness and map complexity), nor were there obvious differences in map quality (using measures of map structure (Kinchin et al. 2000) or the validity of propositions (Hay, Kehoe et al. in press ). Concept mapping is so simple that there need-not be any significant learning-curve for the method. This does not mean that people don't learn through concept mapping, however. Making concept maps is a process of rehearsal and if it is done often enough then people learn from the reflection this entails. As a method for researching learning, concept mapping is not objective because the process of learning measurement (using concept mapping) is boundup with the learning process itself. If this is true of concept mapping, however, it is true wherever we accept that verbal expressions are indicative of innate aspects of mind and abstract mental processes (Chomsky 1965) . For use in teaching, however, this is also a strength, because it means that teachers can encourage student-centred meaning-making and record its outcomes simultaneously.
Interviewing students repeatedly to discover their mental constructions of the topics they are learning may be richer than concept mapping (and is probably embedded in the one-to-one teaching methods of elite institutions), but interviews are more time-consuming than concept mapping.
Conclusion
This paper provides empirical evidence for change that is indicative of different qualities of learning. We find that for most students the quality of learning is mixed (combining meaningful learning with rote learning or rote learning with non-learning), and that the richness of student-prior knowledge is a significant determinant of the quality of student learning.
Further work needs to track students knowledge-change through time, and to develop and test concept mapping to these ends, but we suggest that the concept mapping method has a unique utility for longitudinal research of learning among university students. Concept mapping is a means of engaging students and teachers in transfer of target knowledge and the creation of personal understanding; it helps students to learn meaningfully and helps teachers research how the content of teaching is understood. It is therefore a bridge between processes of personal meaning-making and the acquisition of targets acknowledged by the curriculum (Entwistle and Smith 2002; Kinchin and Hay 2007 ). Furthermore we attest that concept mapping is a ground for a pedagogy common to all the cognate disciplines of higher education. This is because it rests on notions of personal change (as measures of learning) rather than psychological traits or 'approaches' to learning or the acquisition of targets per se. Novak's concept mapping method and his definition of meaningful learning (Novak 1998) acknowledge the simultaneous roles of target knowledge in teaching and the personal meaning-making that must take place if teaching leads to learning.
